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Blood  blister-like  aneurysms  (BBAs)  are  a controversial  entity.  They  arise  from  non-branching  sites  on
the  supraclinoid  internal  carotid  artery  (ICA)  and  are  suspected  to  originate  from  a dissection.  Our  aim  is
to  describe  the  BBA  cases  seen  in  our  center  and  to present  a systematic  review  of the  literature  on  BBAs.
We  analyzed  the  eleven  cases  of  BBA  admitted  to our  center  from  2003  to  2012. We  assessed  the
medical  history,  treatment  modality  (endovascular  and/or  surgery),  complications  and clinical  outcome.
The  cohort  included  8  women  and  4 men  with  a mean  age  of  53.16  years.  Treatment  of  the BBA  consisted
of  stenting  and  coiling  in  5  patients,  stenting  only  in  4 patients,  coiling  and  clipping  in  1  patient,  clipping
only  in  1  patient,  and  conservative  treatment  in  1 patient.  A  good  outcome  was  found  in 10  patients,  as
deﬁned  by  a modiﬁed  Rankin  Scale  (mRS)  less  than  or  equal  to two at three  months.  A  systematic  review
of  the literature  was  performed,  and  314  reported  patients  were  found:  221  patients  were  treated  with
a  primarily  surgical  approach,  and  87  patients  were  treated  with  a primarily  endovascular  approach.  A
rescue  or  second  treatment  was  required  in 46  patients  (21%).  The  overall  estimated  treatment  morbidity
rate  was  17%,  and the mortality  rate  was 15%.
BBAs  exhibit  more  aggressive  behavior  compared  to saccular  aneurysms,  and  more  intra-operative
complications  occur  with  BBAs,  independent  of  the  treatment  type  offered.  They  are  also  signiﬁ-
cantly  more  likely  to relapse  and  rebleed  after treatment.  Endovascular  treatment  offers  a lower
morbidity–mortality  compared  with  surgical  approaches.  Multilayer  ﬂow-diverting  stents  appear  to be
a  promising  strategy.
©. IntroductionBlood blister-like aneurysms (BBAs) include arterial lesions
rom non-branching sites (dorsal or anterior wall) on the internal
arotid artery (ICA) [1–4]. Although there have been descriptions
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of BBAs located at other sites within the intracranial circulation
[5–7], the initial and most classic deﬁnition of a BBA is restricted
to the ICA. They are particularly rare, representing approximately
0.9–6.5% of all ICA aneurysms [1,8], 1% of all intracranial aneurysms
[9], and 0.5–2% of all ruptured aneurysms [10,11]. These lesions
were ﬁrst described in the late 1970s [3], but the term “blister”
was introduced in 1988 by Takashi [4]. Patients typically present
with acute subarachnoid hemorrhage (SAH), and the affected pop-
ulation is younger than patients with saccular aneurysms [12].
Some authors have reported a female predominance, a right-sided
ICA predominance [12,13] and an association with hypertension
[12,13]. The classical morphology is small, hemispherical-shaped
and bulging from non-branching sites on the ICA [1,2]. They are
typically diagnosed after a bleed because their small size allows
them to be frequently missed on the ﬁrst computed tomogra-
phy angiogram (CTA) or even on the ﬁrst digital subtraction
angiogram (DSA). Special attention must be paid to the radiolog-
ical evolution of a BBA after rupture because its progression to
a saccular shape can be seen up to several days after the bleed
[14].
l rights reserved.
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The physiopathology of this type of aneurysm remains obscure.
he main hypothesis is that BBAs arise from a dissection, although
heir rupture is typically spontaneous [8,15,16]. Nevertheless, the
ritical point is not just the difﬁculty in their diagnosis but also the
omplexity of their treatment, which is always challenging no mat-
er the therapeutic method or approach chosen. Several surgical
r endovascular approaches have been proposed to treat this life-
hreatening condition. The extremely fragile wall of BBAs makes
he management complicated and risky. We  report a single-center
xperience with a multidisciplinary approach to BBAs along with
 systematic review of the literature on the different methods and
pproaches used to treat this condition.
. Methods
We  collected information from the prospectively and consec-
tively collected database of our institution, which includes all
ntracranial aneurysms, treated or not, that are evaluated at our
enter. We  selected all BBAs treated from December 2003 to
une 2013. We  deﬁned a BBA aneurysm as any small aneurysm
ocated in a non-branching zone of the ICA that produced a SAH.
e excluded saccular aneurysms, conﬁrmed intracranial dissec-
ions, fusiform aneurysm and complicated or partially thrombosed
neurysms. The radiological, epidemiological and clinical data were
rospectively collected at our aneurysm clinic. We  queried our
atabase using the keywords ICA aneurysms, BBA, SAH and rup-
ured aneurysms smaller than 5 mm.  One neuroradiologist (AMG,
PN) and one neurosurgeon (PB, IR, KS) reviewed the data, and
either was involved in the procedure to obtain the relevant infor-
ation for this study from the database and the patient’s record.
he senior author (VMP) performed most of the procedures. Certi-
ed physicians performed periodic clinical exams, and the clinical
tatus of the patients was established from the report of the mRS
AMG, PB, IR). The diagnostic neuroradiological team (KOL) inde-
endently reviewed the images.
.1. Therapeutic and management decisions
After a neurosurgical evaluation, the patient was sent to a nor-
al DSA room or a hybrid room. If necessary, an external ventricular
rain (EVD) was  placed under general anesthesia just before diag-
ostic angiography. Patients placed in a standard DSA room who
hen required surgical treatment were transferred to an emergency
perating room. In some cases, the treatment, endovascular or not,
as conducted in a hybrid DSA-operating room, a multifunctional
pace with high quality DSA images in a surgical environment. The
ain advantage of such an operating room is to enable endovas-
ular and neurosurgical approaches in the same operating space,
aking perioperative DSA possible and avoiding the additional
ransfer of patients.
Fig. 1. Chart of the litof Radiology 83 (2014) 197– 205
The management of intracranial aneurysms (IAs) in our institu-
tion consists of a multidisciplinary evaluation by the neurosurgical
and neuroradiological teams. All patients are evaluated after their
presentation to the ER, and the treatment is performed when the
patient is stable for the procedure, usually within a timeframe
of less than 24 h after admission. By consensus, the treatment
of choice for BBA at our institution is a primary endovascular
approach with backup by the neurosurgical team in case of failure
or peri-procedural complications. For many years at our institution,
stenting plus coiling was the standard endovascular treatment,
with the exception of one patient whose aneurysm was clipped
after a failed endovascular attempt with vascular occlusion due to
a complex lesion. Recently, new intracranial stents with a dense
porosity, known as ﬂow-diverting stents (FDS), have been used.
We recently performed three cases using FDSs with a multilayer
technique based on previous successful experience with their use
in intracranial dissections [17]. An EVD for hydrocephalus was
placed before the endovascular procedure because of the use of
antiplatelet therapy and consequent bleeding risk.
2.2.  Procedure and center guidelines
2.2.1. Endovascular procedure
A  6F femoral sheath was the standard approach for endovas-
cular cases. A 6F-guiding catheter (Envoy, Codman, Raynham, MA,
USA) was  selectively placed into the corresponding ICA. The strat-
egy was to place a microcatheter (Echelon 10, Covidien, Irvine, CA,
USA) inside the aneurysm and deploy one intracranial stent (Enter-
prise, Codman, Raynham, MA,  USA) over the intracranial portion of
the ICA, thereby jailing the previous microcatheter within or just
in front of the aneurysm. Then, coiling of the aneurysm pouch was
performed with bare coils. For those cases using a FDS, a Marks-
man microcatheter (Covidien, Irvine, CA, USA) was used to deploy
two pipeline-type FDSs (Covidien Neurovascular, Irvine, CA, USA)
telescopically.
2.2.2. Surgical procedure
The  surgical procedure performed in our series consisted of clip-
ping the BBA over a non-diseased portion of the artery around the
aneurysm, creating a residual arterial stenosis but with complete
exclusion of the aneurysm.
2.3.  Systematic review
We  conducted a systematic review of all reports of blister-like
aneurysms, assessing factors of the described management with
respect to technical and clinical success and survival. We  searched
the literature using MEDLINE and EMBASE from January 1, 1965
through July 1, 2013. We  included BBA aneurysms located at non-
branching portions of the ICA. The studies were limited to those
erature search.
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n humans, and there were no language or study design restric-
ions. The references from each article were examined, and relevant
rticles were retrieved. The literature search yielded more than
0 publications, but only 63 papers matched our inclusion crite-
ia. There were no randomized or quasi-randomized controlled
rials; thus, this review is based on observational case series and
ndividual case reports (Fig. 1).
We used the following criteria: (“blood”[Subheading] OR
blood”[All Fields] OR “blood”[MeSH Terms]) AND (“blister”[MeSH
erms] OR “blister”[All Fields]) AND like [All Fields] AND
“aneurysm”[MeSH Terms] OR “aneurysm”[All Fields]). We  also
eviewed case series of paraclinoid aneurysms to include the
eported BBAs within those series using the following terms:
araclinoid [All Fields] AND (“aneurysm”[MeSH Terms] OR
aneurysm”[All Fields]).
The  information collected included patient age and sex,
neurysm dimensions, presentation, type of treatment, approach,
orphological evolution, re-treatment, and morbidity or mortal-
ty. A protocol for data collection for this study was constructed
ontaining the clinical, imaging, procedural and follow-up infor-
ation. One neuroradiologist (AMG, APN) and one neurosurgeon
PB, IR, KS) reviewed all the articles and ﬁlled out a form for each
rticle; a third physician performed the analysis. If there were any
onﬂicts concerning the information from the forms, a consensus
etween the evaluators and one of the senior physicians of this
aper (VMP, KS, KOL) was obtained.
. Results
From December 2003 to January 2012, 12 patients with BBAs
resented to our institution. Table 1 illustrates the epidemiological
nd clinical information of the patients from our center included in
his study. All patients presented with an SAH. They underwent a
T scan and CT angiogram in the emergency room, both of which
esulted in “normal” images without any detected aneurysm in 6
atients. Based on our protocol, we performed an angiogram and
hen made the diagnosis of BBA.
The mean age of the patients was 56.1 years, and there were
ight women among the patients. The epidemiological data shows
hat six patients suffered from high blood pressure, none was  dia-
etic, one had hypercholesterolemia, one was a smoker, one abused
lcohol and two had a body mass index (BMI) higher than 30. No
onsumption of other toxic substances was observed. One patient
ad a recent history of trauma; another patient had been treated
or cancer with surgery, chemotherapy, radiotherapy and hormone
herapy; and no patients suffered from any inﬂammatory diseases.
o patient had a positive family history of intracranial aneurysm
r subarachnoid hemorrhage. Regarding the clinical presentation,
even patients presented with headache, four patients presented
ith seizures, and one presented with coma as the initial symptom.
SA was performed in eleven out of the twelve patients (one patient
as clinical unstable and died prior to the exam). In three patients,
he ﬁrst DSA showed no vascular lesion, and the BBA was observed
n a second DSA performed some days after the ﬁrst. According to
he DSA, eightand four aneurysms were located in the right and
eft supraclinoid ICAs, respectively. The lesions measured 2 mm or
ess in three patients, between 2 and 4 mm in seven patients, and
etween 4 and 6 mm in two patients.
Comorbidities associated with the SAH were present in all
atients. Seven patients presented with hydrocephalus, one patient
ied from cardiovascular and pulmonary complications after
dmission, two developed clinically signiﬁcant vasospasm, and two
eveloped radiographic evidence of vasospasm without clinical
epercussions. The hydrocephalus was treated with a ventricular
rain in 6 patients and repetitive lumbar punctures in one patient.of Radiology 83 (2014) 197– 205 199
One  patient removed the ventricular drain too early and required
placement of a second drain, which was  complicated by a frontal
intra-parenchyma hematoma.
The  proposed endovascular treatment was successful in eight
patients: ﬁve were treated with stent-assisted coiling, and three
were treated with double FDSs. The treatment (coiling) failed in
one patient who  was  then treated surgically. In another case, the
microcatheters were unstable because the lesion was circumscrib-
ing the artery; due to this technical difﬁculty, the decision was made
to surgically occlude the involved arterial segment. Another patient
could not undergo any treatment due to a quickly worsening clin-
ical condition, and he died before a DSA was performed.
All patients treated with an intracranial stent received dou-
ble antiplatelet therapy during the endovascular procedure. No
perioperative complications were observed. During the subacute
phase, we  observed two  thromboembolic events due to clot for-
mation inside the intracranial stent. In one of these patients, the
antiplatelet therapy was  stopped for the placement of a second
ventricular drain because of the accidental removal of the ﬁrst
one. The other patient had a poor response to clopidogrel, and
his antiplatelet regimen was  adapted according to the results of
platelet aggregation inhibition tests. The clinical outcome at 3 and
6 months was good (mRS less than or equal to 2) in ten patients,
moderate (mRS of 3) in 1 patient and poor in one patient (mRS of
6; patient not treated).
3.1.  Illustrative cases
3.1.1.  CASE 5
A  47-year-old woman presented to the hospital with explo-
sive headaches. The CT and CT angiogram from the ER diagnosed
SAH, caused by the rupture of a small aneurysm in the right ICA,
and hydrocephalus. Before angiography, an external ventricular
drain was  placed. The angiogram conﬁrmed the diagnosis of a BBA.
The treatment was  stent-assisted coiling using an Enterprise stent
(Codman, Raynham, USA). There were no complications during the
procedure, but the ﬁnal DSA showed that the aneurysm remained
permeable. The patient was  given aspirin and clopidogrel after the
stent and woke up without any neurological deﬁcits. One week after
the initial SAH, she developed vasospasm. The aneurysm was still
visible at this time. We  decided to complete the treatment with
a coiling of the aneurysm pouch, and a ﬁnal DSA showed total
exclusion of the aneurysm (Fig. 2).
One week after the SAH, she developed vasospasm with
ischemia in different territories. The one-year angiographic follow-
up showed no recanalization of the aneurysm. Clinically, the patient
had a good evolution.
3.1.2.  CASE 11
A  61-year-old hypertensive woman was  admitted to the ER after
presenting with explosive headaches. The CT showed a Fisher grade
IV SAH. The surgical team placed an external ventricular drain. Nev-
ertheless, the DSA showed an infundibulum on the right posterior
communicating artery and a clear bleb on the anterior wall of the
supraclinoid right ICA. In this case, we  used two pipeline devices in a
telescopic manner. After placing the second stent, we observed clot
formation next to the proximal part of the stent that was treated
with an intra-arterial infusion of 10 mg  of Abciximab (Reopro). The
ﬁnal imaging showed complete exclusion of the BBA. Two hundred
ﬁfty milligrams of aspirin was  infused during the procedure, and
600 mg  of Plavix was  administered the day after the stenting.The patient suffered mild vasospasm, which was completely
resolved with an intra-arterial injection of nimodipine. The patient
was discharged without focal deﬁcits and with a mRS  of 3 on follow-
up (Fig. 3).
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Table 1
N Age, sex Medical history CTA Clinical onset Fisher Initial
treatment
Complications Immediate aneurysm
evolution
Rescue
treatment
Outcome
(mRS)
Long-term
followup
Total  exclusion
of  BBA
1 61y, F HBP, HC,
Obesity
Normal CTA Seizure SAH FIV SAC No Exclusion None 1 Aneurysm
exclusion
Yes (4 m DSA)
2 45y, M HBP Normal CTA Headache SAH FIV Multilayer
conventional
stent
No Persistent Coiling 2 Stable residual
aneurysm
No  (7y DSA)
3  87y, F HBP, Smoker Left ICABBA Coma SAH FIV No treatment Death – None 6 – –
4  57y, F HBP, Obesity Right ICA BBA Headache + seizure SAH FIV Single-layer
conventional
stent
No Persistent 2nd stent
(“ﬂow diverter”
1  Aneurysm
exclusion
Yes (2y DSA)
5  47y, F HBP Right ICA BBA Headache SAH FIV Multilayer
conventional
stent
No Persistent Coiling 2 Aneurysm
exclusion
Yes (1y DSA)
6  61y, M Chronic alcohol
use
Left  ICA BBA Seizure SAH FIV SAC Embolic lesions Clot formation inside
stent
2nd stent 2 Aneurysm
exclusion
Yes (1y DSA)
7  44y, F None Normal CTA Headache SAH FIII Clipping None Exclusion None 1 Aneurysm
exclusion
Yes (4 m DSA)
8 36y, F None Left ICA BBA Headache SAH FII ICA trapping
(coils)
Emboli,
blindness LE
Embolic episodes Surgical
trapping
2 Aneurysm
exclusion
Yes (8 m DSA)
9 33y, M None Right ICA BBA Headache + seizure SAH FIV SAC Rebleeding
before 1st
treatment,
embolic
complications
Residual neck Coiling 2 Aneurysm
exclusion
Yes (2y DSA)
10  46y, F Breast cancer
2004
Normal CTA Headache + vomiting SAH FIV Multilayer
“ﬂow diverter”
None Exclusion None 1 Aneurysm
exclusion
Yes (1y DSA)
11  61y, F HBP, migraine Normal CTA Headache SAH FIV Multilayer
“ﬂow diverter”
Perioperative
intra-stent clot
formationa
Exclusion None 3 Aneurysm
exclusion
Yes (1 m DSA)
12 60 y, M None Normal CTA Headache + loss of
consciousness
SAH FIV Multilayer
“ﬂow diverter”
None Persistent 3rd “ﬂow
diverter” stent
1  Aneurysm
exclusion
Yes (2w DSA)
HBP = highblood pressure, HC = hypercholesterolemia, SAH = subarachnoid hemorrhage, SAC = stent-assisted coiling technique, ICA = internal carotid artery, CTA = computed tomography angiography, LE = left eye, mRS = modiﬁed
Rankin  Scale.
a Intra-stent clot formation during the procedure, resolved with injection of intrarterial Reopro without clinical sequelae.
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1
big. 2. Description of case 5. (A) Initial CT showed SAH and hydrocephalus. (B) 3D
SA image showing the coiling with placement of the 2 intracranial stents (Enterpr.1.3. CASE 12
A  60-year-old man  presented to the hospital with very intense
eadaches and WFNS 4. The CT showed a substantial Fischer grade
ig. 3. Description of case 11. (A) Initial CT showed SAH with enlargement of the ventricles
 mm.  (C) The ﬁnal DSA after double ﬂow-diverter (pipeline) stenting showed total exclu
oth  stents and aneurysm exclusion.gram conﬁrmed the BBA on the anterior wall of the right ICA. (C) Non-subtracted
D) One-year follow-up vasoCT showed no ischemic lesions or hydrocephalus.IV  SAH that was complicated by hydrocephalus. An EVD was placed,
and we  then proceeded with an angiogram. A small aneurysm
2.5 mm × 2 mm in size with a neck of 3 mm was  observed on the
. (B) DSA, respectively, showed a BBA on the anterior wall of the right ICA measuring
sion of the little bleb. (D) One month control vasoCT showed good positioning of
202 A.M. Gonzalez et al. / European Journal of Radiology 83 (2014) 197– 205
Fig. 4. A 60-year-old male patient who presented with SAH, WFNS 4. (A) Initial brain CT showing diffuse, Fischer grade 3–4 SAH. (B) CTA showing an irregularity of the posterior
wall  of the right intracranial ICA with a small bleb. (C) Subtracted DSA, oblique view, that shows a BBA on the posterior wall of the right ICA. (D) XpertCT reconstruction of the
3D  acquisition showing 2 ﬂow-diverter (Pipeline) stents deployed in a multilayer conﬁguration at level of the ICA. (E) DSA control 24 h later showing a circulating remnant
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tBA. A third stent layer was  placed. (F) Follow-up 3DRA MPR  DSA reconstruction p
osterior wall of the right ICA. We  decided to place 2 pipeline FDS
Covidien, Irvine, CA, USA). After the procedure, we observed appre-
iable ﬂow stagnation in the aneurysm. We  started Aggrastat until
ext day’s angiogram, which showed persistence of ﬂow inside the
neurysm. We  decided to place a third ﬂow-diverter stent, stop
he Aggrastat and start Plavix plus aspirin. A control angiogram
as performed to conﬁrm the exclusion of the BBA. The clinical
volution was favorable, with no neurological deﬁcits at discharge
Fig. 4).
.2.  Systematic review
A  total of 322 patients were evaluated in the 63 selected studies.
nly observational studies were found, most likely because of the
nexpected nature of the disease or the unknown physiopathology.
here were no randomized studies on the management of BBAs.
The  weighted mean age of the patients was 50.6 years. In addi-
ion, 233 patients were women (72%). The main initial presentationed at 2 weeks conﬁrming total exclusion of the aneurysm.
was  SAH, accounting for 319 cases (99%). Other presentations were
intra-parenchymal hematoma in one patient (0.3%) and headache
without evidence of SAH in two other patients (0.7%). The initial
clinical status was severe in 218 patients (68%) who presented
with a WFNS higher than 3. A total of 303 patients were offered
treatment, either surgical or endovascular. The initial therapeutic
modality offered by the institution failed to manage the BBA in 86
patients (28%). We  deﬁned failure, based on a similar deﬁnition in
most of the articles, as the inability to secure the aneurysm and/or
the need for a second therapeutic attempt due to rebleeding or
regrowth of the aneurysm. This group of patients presented with
a second SAH (74 cases, 86% of the patients undergoing a second
treatment and 23% of the total number of patients) or had docu-
mented aneurysm regrowth (48 cases, 56% of patients undergoing
a second treatment and 15% of the total number of patients). A third
therapeutic approach was offered to 19 patients to obtain aneurysm
occlusion or stability. Among the patients who  were not initially
offered any treatment, 4 died (3 due to rebleeding and 1 due to
A.M. Gonzalez et al. / European Journal of Radiology 83 (2014) 197– 205 203
Table 2
List  of different surgical procedures and techniques reported in the literature ].
Technique Number of
patients
Perioperative
complications
Rebleeding/regrowth  Morbidity Mortality Rescue treatment
Clipping 165 53 54/7 31 26 Cases – 39: trapping (10), coiling (3),
arterial suture (10), Stent-assisted
coiling  (1), trapping + high-ﬂow bypass
(7), clipping (7), parent vessel
occlusionwith balloon (1)
Wrapping 11 2 5/2 0 4 Cases – 4: trapping (1),
trapping  + high-ﬂow bypass (1),
Complement  coiling (2)
Trapping 10 6 1/0 5 2 Cases–2: complement with bypass (1),
Stent-assisted coiling (1)
Trappingwith clipping + bypass 15 2 1/0 2 3 0
Trapping  with coils + bypass 1 1 0/0 1 0 0
Trapping  with balloon + bypass 1 0 0 0 0 0
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mPrimary  bypass 1 0 0/1 
Arterial suturing 2 2 2/0 
Total  206a 66 63/10 
he ﬁrst bleed itself in association with a signiﬁcant hydrocephalus
nd mass effect), 13 were later offered treatment due to regrowth
r rebleeding and 2 were followed without any treatment.
All  of the treatments included 268 surgical treatments, 147
ndovascular procedures and 19 conservative treatments. In total,
17 patients (67%) received one treatment to reach aneurysm
cclusion or stability, and 86(28% of patients) required more than
ne therapeutic approach. Seventy-eight cases (24.5%) had a peri-
perative event (rupture or ischemic complications). The overall
ortality of all the treatment modalities was 19% (61 patients), and
he estimated morbidity (mRS outcome >2 or reported neurological
eﬁcit after the procedure) was 17% (55 cases).
With respect to the surgical treatments, we found 8 different
echniques described (Table 2) in 40 papers. Surgical clipping was
he most common technique used in the 215 patients who  under-
ent surgery. It was offered as the ﬁrst approach in 166 patients
80% of surgical patients). There were 63 (30%) cases that involved
erioperative complications. In 44 cases (21%), a second treatment
odality was necessary to secure or exclude the BBA. Surgical
rapping was the second most common technique and was used
ither as the primary or rescue treatment in 61 patients. Regrowth
as observed in 10 cases (5%) and rebleeding in 63 cases (30%). The
escue treatments after rebleeding or regrowth included a second
lipping attempt, arterial suturing, coiling, coiling + stent, endovas-
ular or surgical trapping with or without bypass, or just bypass.
he most used rescue surgical techniques were trapping without
ypass (11 cases) and arterial suturing (10 cases).
The overall surgical morbidity was 45 cases (18%), and the mor-
ality was 35 cases (14%). The morbi-mortality per technique was
s follows: 57 patients among the patients who  underwent clip-
ing (75% of the overall morbi-mortality in the surgical group), 4
atients who underwent wrapping (5%), 7 patients who  underwent
rapping without bypass (9%), 5 patients who underwent surgical
rapping and bypass (7%), 1 patient who underwent endovascular
rapping and bypass (1%), 0 patients who underwent bypass (0%),
nd 2 patients who underwent suturing (3%).
Among the endovascular procedures, there were 7 different
echniques described (Table 2) that were offered to 87 patients in 26
ublications. The most common technique used was  stent-assisted
oiling in 30 cases (34.5%). Regrowth occurred in 33 cases (38%),
nd rebleeding occurred in 11 cases (12.5%). In 40 cases (46%), a
econd treatment modality was required. The most common rescue
echnique for the endovascular procedures was surgical trapping,
hich was performed in 7 cases.
The overall morbidity of the endovascular treatments was  3.4%
3 cases), and the mortality was 11.5% (11 cases). The morbi-
ortality was 34,7% in the 23 patients treated with coiling, 0% in the0 0 Trapping with balloon and coils
4 0 0
43 35 46
7 parent artery occlusion (PAO) patients treated with coils or bal-
loons, 10% in the 30 patients treated with stents and coiling, 33.3%
in the 3 patients treated with covered stents, 8% in the 13 patients
treated with regular stents, and 0% in the 6 patients treated with 1-
or 2-layer ﬂow diverters.
4.  Discussion
In our series, we  demonstrated the safe management of BBA
with a standard endovascular approach using stenting and coil-
ing or, more recently, multilayer ﬂow-diverting devices. This series
included two patients who  were surgically treated after a failed
endovascular approach and one patient who  died soon after admis-
sion. We had two ischemic complications in the subacute phase (at
5 and 7 days) after the intracranial stent placement. Both patients
were treated with double antiplatelet therapy and recovered com-
pletely. Classically, stenting in the acute phase has been associated
with higher rates of complications and retreatment [18]. Although
more lesions were treated with endovascular techniques, the rate
of retreatment was almost 50%; however, the ﬁnal mortality and
morbidity rates were lower than those reported in the literature
for surgical procedures. The most intuitive endovascular approach
would be parent vessel occlusion with balloons and/or coils. The
main problem with this strategy is the presence of important side
branches (ophthalmic artery, anterior choroid and fetal presen-
tation of the posterior communicating artery) in the intracranial
segment of the ICA. We  had to perform one parent vessel occlu-
sion in a case where the artery was  excessively damaged and the
aneurysm was  tiny; the patient presented with ipsilateral blindness
due to occlusion of the ophthalmic artery.
More recently, the multilayer in-stent technique has been
described for false aneurysms and for blister-like aneurysms
[19,20]. Coiling of BBAs has been associated with a high intraproce-
dural rupture rate [21]. The possibility of performing a parent vessel
reconstruction appears to be a more physiological method to avoid
intra-saccular treatments. A major disadvantage remains the need
for double antiplatelet therapy. We  implemented a routine activ-
ity test for clopidogrel and aspirin, and we preferably placed the
external ventricular drain, in those cases where it was  necessitated
for the treatment of hydrocephalus, prior to the endovascular pro-
cedures. We found more than 10 cases, including the reported BBA
cases, which were treated with multilayer FDSs with no report of
side-branch occlusion. For other indications, the ophthalmic artery
can be occluded on follow-up imaging at one year in more than 25%
of the cases and without clinical consequences [22].
The  pathophysiology of BBAs is not well understood. Histologi-
cal studies demonstrate that these lesions are not true aneurysms
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Table 3
Description of endovascular procedures from the systematic review ].
Technique Number of
patients
Perioperative
complications
Rebleeding/
regrowth
Morbidity Mortality Rescue treatment
Coiling 23 4 4/7 3 5 Cases – 11: trapping (5), ﬂow diverter
stent (2), parent artery occlusion (1),
stent-assisted coiling (2),
trapping + bypass (1)
Parent  artery occlusion with coils 5 1 0 0 0 0
Parent  artery occlusion with balloon 2 0 0 0 0 Trapping with coils (2)
Stent-assisted coil 30  5 4/19 0 3 Cases – 15: coiling (6), trapping with
coil (1), ﬂow diverter stent (1),
stent-assisted coiling (3), covered stent
(2), trapping + high-ﬂow bypass (1),
parent  artery occlusion with coils (1)
Covered  stenting 3 1 1/0 0 1 0
One  layer ﬂow diverter stent 1  1 0 0 0 0
Multiple  layer ﬂow diverter stent 5 0 0 0 0 0
Multiple  layer conventional stenting 18 1 2/7 0 1 Cases–4: parent vessels occlusion with
coils (1), ﬂow diverter stent (2),
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nd that they consist of a fragile ﬁbrin layer in a focal arterial seg-
ent. Associated arterial dissection has been reported in 40 to
9% of the cases [8,15,16], which may  represent a possible mech-
nism of BBA formation. Some authors have also suggested an
ssociation with calciﬁcation changes of the vessel wall because
BAs are usually observed during surgical inspection. In our series,
e observed three cases on the CTA that were angiographically
ssociated with dissections and none with calciﬁcations. BBAs are
requently associated with hemorrhage and can have rapid growth
nd high rebleeding rates if not quickly and completely occluded
21]. The predisposition for the formation of BBAs on the anterior
all of the carotid is not understood. Although there have been
ome reports of BBAs in locations other than the ICA (ACA [5,6,23],
CA [23] basilar trunk [24]), it is unclear whether they represent
he same disease. No pathological exam supports all these different
ntities. BBAs are associated with female gender, high blood pres-
ure and younger patient age compared with the classic rupture of
accular aneurysms [12,13]. In our series, a slight female predom-
nance was observed, and no other preponderant epidemiological
actor appeared to be linked to BBA, including a family history of
ntracranial aneurysm, dissection or subarachnoid hemorrhage.
The  classical presentation is a severe SAH with a substantial ini-
ial clinical impact (68% with a WFNS greater than 3 according to
his systematic review). There is no question that a BBA should
e treated at the earliest time after its diagnosis. Occasionally, the
iagnosis is not simple and is made only by angiography or after
 complication, such as rebleeding. In our series, six patients were
iagnosed only after angiography. This may  be explained by the
act that CTA has a lower accuracy for detecting lesions close to the
kull base and small lesions.
The  typical morphology of a BBA is a small and fragile aneurysm
sac” with a wide neck, rendering any proposed method or ther-
peutic modality extremely dangerous and technically complex.
he rebleeding risk is higher than for saccular aneurysms, and peri-
perative hemorrhage can be life threatening and signiﬁcant. The
SAT trial reported a rebleeding rate of less than 4% for saccular
neurysms included in the study before and after the therapeu-
ic procedure until the ﬁrst year of follow-up [25]. Moreover, the
umber of additional procedures was 14% for patients allocated
o endovascular treatment and 4% for those allocated to surgery
25]. For BBAs, 46% of the endovascular procedures and 21% of the
urgical procedures required additional interventions because of
e-rupture or evidence of aneurysm growth. This disparity between
accular aneurysms and BBAs demonstrates the aggressive nature
f and complex management required for the latter entity. TheSurgical trapping with bypass (1)
3 10 32
treatment  should be performed as soon as possible. There is no
speciﬁc recommended approach. Different groups have proposed
diverse surgical and endovascular approaches (see Tables 2 and 3).
We found eight distinctive surgical procedures and seven different
endovascular techniques used to treat 322 patients reported in the
literature after the ﬁrst description of a BBA. One-third of the initial
proposed treatments failed to stabilize the lesion, with the patients
requiring retreatment with another technique. This extremely high
rate of secondary or rescue treatments highlights the complexity
of this type of lesion.
One-fourth  of the procedures for BBA treatment were com-
plicated by perioperative rupture or ischemic complications. The
intraoperative rupture rate of saccular aneurysms is estimated to
be 2.5% [26] for GDC coils and 6.7% for surgical clipping [27]. A
parallel difference can also be observed in patient outcomes. The
surgical morbidity for BBAs is estimated to be 21%, with a mortality
of 17%; the ISAT surgical morbidity and mortality were 36.4 and
8.3%, respectively. For endovascular outcomes, we found a mor-
bidity of 3.4% and a mortality of 11.5% for BBAs; the ISAT reported
endovascular morbidity and mortality to be 25.4% and 7.5%, respec-
tively. The mortality of BBAs is high, independent of the treatment
method used. However, the morbidity of both techniques is unde-
niably lower for BBAs. This could be explained by the nature of the
reports on BBAs, which are retrospective and more focused on the
technical descriptions compared to data from randomized control
trials where the morbidity is collected prospectively [25].
A  limitation of this report is that it consists of a single-center
experience. We  performed an extensive systematic review of the
literature to better illustrate the complexity and morbi-mortality
of the reported cases. We  observed that the reports focused more
on the technical aspects of the treatments and that the collection
of the clinical and morbi-mortality information was  laborious and
difﬁcult. A better understanding of BBAs and the development of
new therapeutic techniques will require multicenter, prospective
data.
5. Conclusion
BBAs are poorly understood and require complex management.
They are more aggressive than saccular aneurysms and have more
intraoperative complications, independent of the technique used.
BBAs are complicated by a signiﬁcant amount of regrowth and
rebleeding after treatment. Endovascular treatment has a lower
morbi-mortality compared to surgical approaches. In our center,
stenting plus coiling was feasible and offered a stable, long-term
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during treatment with Guglielmi detachable coils: incidence, outcome, and riskA.M. Gonzalez et al. / European Jo
esult. Multilayer ﬂow-diverting stents appear to be a promising
trategy. A surgical approach with clipping of the aneurysm after
 failed endovascular attempt was also determined to be effective.
ntiplatelet therapy is still a major constraint to the endovascu-
ar approach with intracranial stents. The therapeutic choice will
epend on the experience of the center and on both the neu-
osurgical and neurointerventional teams. More importantly, the
reatment should be performed without delay, and the patient
hould be followed closely.
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